Three, cooperative skid-test correlation studies have been sponsored in the past by state agencies. Two were conducted in Virginia, and one was at the University of Tennessee. Heretofore, the degree of correlation among methods of test has not been altogether satisfying. Meanwhile, test devices and instrumentation have been vastly improved; and a standard method of testing with a trailer (ASTM E-274) has been adopted. The automobile method has not been standardized. We were convienced that our study of 1966 (by Rizenbergs and Ward, Feb. 1966--reference 
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Three, cooperative skid-test correlation studies have been sponsored in the past by state agencies. Two were conducted in Virginia, and one was at the University of Tennessee. Heretofore, the degree of correlation among methods of test has not been altogether satisfying. Meanwhile, test devices and instrumentation have been vastly improved; and a standard method of testing with a trailer (ASTM E-274) has been adopted. The automobile method has not been standardized. We were convienced that our study of 1966 (by Rizenbergs and Ward, Feb. 1966--reference 3 in the subj.ect re.port) provided sufficient basis for standardization of the automobile method of testing. Some expertize(rs) have considered attempts to correlate trailer-type test results with skidding-automobile test results as being somewhat futile. It seems now that perseverance may be rewarded. A discussion, which I prepared some time ago, extending Rizenbergs' and Ward's findings into this realm of correlation is quoted in its entirety: Discussion* J. H. HAVENS, Director of Research, ·Kentucky Department of Highways Skid resistance measured with a trailer-type tester reflects the frictional properties of the surface at specific velocities, The problem of relating this information to skid distances of a skidding vehicle, however, is very much with us .. -We can, for instance, attempt to correlate the trailer test data at 40 mph with skid distances of an automobile at 40 mph or at any other velocity. This approach constitutes an approximation since we have to deal with surfaces of varying textures. Each surface, therefore, exhibits its own skid gradient. Skid distances can be computed quite accurately by utilizing tbe stopping distance equation:
(1) (2) where f = effective coefficient of friction; S = skid distance, in feet; Va = initial velocity under consideration, in mph; and Vb = final velocity under consideration, in mph-provided the steady-state skid resistance is measured at closely spaced intervals of velocity. In that case, we can summate the resultant skid distances for the small intervals of velocity:
A. 0. Neiser This equation is equally applicable to the coefficients of friction measured over small increments of velocity in the case of a skidding automobile. Here the coefficients f(Va-Vb)• f(vb _ Vel• etc., would represent velocity increments of Va-Vb, Vb-Vc,
etc.
By using the data found in Rizenbergs' study, a comparison was made between the mean skid distances for Sites 2, 3, 4 and 5 and the distances computed from Eq. 4. The velocity at wheel lock was about 40 mph and the velocity increments were 10 mph, i.e. , 40 
INTRODUCTION
The automobile has been used to measure friction of highway surfaces for many years and predates any of the skid-testing devices now in common use.
In retrospect, the measurement of stopping distances or skid distances of automobiles has been regarded as a semi-officia l standard method of test not only by the highway engineer but also by law enforcement agencies. automobiles, drivers and instrumentation s. The "stopping distance" was predefined in the context of a panic-stop situation, i.e. distance required to stop from the moment of brake application. The study also afforded an opportunity to relate skid-resistance measurements obtained with the trailer to stopping distances of automobiles.
TEST VEHICLES AND INSTRUMENTATION
The vehicles used in the study were all full-size automobiles ·--three sedans and two station wagons. The participating agencies and their automo- Inflation pressure in tires was monitored with a calibrated pressure gauge and was maintained at 24 psi.
TEST RESULTS AND DISCUSSION

Automobiles
The stopping distances measured at the correlation study represent a panic-stop situation as defined earlier and no consideration was given to perception and reaction time that would be involved when a driver was confronted with an impending hazard on the highway. The measurement was in fact made from the moment pressure in the brake hydraulic system was sufficient to close a pressure sensitive switch and not from the instant of brake application. The test speed conincided with the brake application but not with the beginning of the distance measurement, Therefore, between brake application and closing of the switch, a loss in vehicle speed was involved. To determine if this speed loss was sufficiently great to be of any particular concern, determination of the actual velocity at the start of distance counting was made from velocity recordings obtained with the Kentucky vehicle, When compared with the 40 mph test velocities, the average loss fu velocity on a given section did not exceed 0,5 mph and in most cases was much less. Since no effort was made to record the moment of brake application, it is not possible to ascertain whether the loss 7 in velocity was primarily due to the lag time involved or due to other factors, such as any bias of the test driver in reading the speed meter. In all probability, the test driver was the most dominant influence. A previous study by Rizenbergs and Ward 3 supports this assumption.
Data --Test data for all automobiles are summarized in Table I in terms of stopping distances and in Table II The automobile data were subjected to various statistical analysis in an effort to evaluate each vehicle and to relate data of one vehicle to another.
The complete mathematica l procedure used in the statistical analysis is presented in Appendix II.
Repeatabili ty --Standard deviations were calculated for the six stoppingdistance tests conducted on each surface at the two test speeds, The results of this analysis as well as the arithmetica l mean for each section and vehicle are presented in Table III 0.10 0.00 four to five times longer, and therefore, a greater proportion of each pavement was sampled. Also, the variations in the lag time --between brake application and wheel lock --and errors in velocity reading by the driver were less significant.
Judged on a group basis, the automobiles yielded more repeatable test results than the trailers. At 40 mph the trailers sampled about 60 feet of pavement for each test while the automobiles usually skidded further with all four wheels locked. The rutomobiles, therefore, had a built-in advantage.
The standard deviations were used to determine the number of tests required to achieve the desired degree of accuracy. The number of required tests for the automobiles are presented in Table IV . At the 95%-confidence level, the automobiles require a total of five tests at a speed of 40 mph.
Least Significant Difference --The analysis for least significant difference (LSD) was conducted to determine whether the differences in the means (six measurements each) of two vehicles are truly different or are due to 13 Table V . If the means of two cars differ in excess of the LSD value for a given section and speed, significant difference was found;
otherwise the difference was due to chance variation. These data are summarized in Table VI and Table VIIo Significant differences were found between Florida and the other vehicles on several surfaces. The performance of the Florida automobile was discussed earlier.
Relative Precision --The precision of a particular automobile as a testing device was judged on the basis of group averages for each section-speed combination in the absence of an "absolute" friction reference. The difference between the group mean and each automobile was determined for every section-speed combination.
The results of this malysis are displayed in Table VIII and graphed in Fig. 3 .
The best accuracy and precision for the group as a whole were realized at the 40-mph test speed" A brief statement regarding each automobile follows:
1. Kentucky -good precision at 40 mph, somewhat erratic results at 20 mph.
2. Tennessee-good precision on Site I, data biased upward on Site II at 40 mph.
3. Virginia -an upward bias on Site I, good accuracy on Site II. 
. . 19 are presented in Table IX and for Site II in Table X . These equations are applicable in relating one vehicle to another only for the same set of conditions and test influences prevailing at the Florida study. Somewhat different test data are likely to result if, for instance, the drivers were interchanged.
So, the equations really express the performance relationship between specific functioning systems which include the driver, vehicle, instrumentation, tires, etc.
Automobiles Versus Trailers
Data --The test data fur the automobiles and trailers are compared graphically in Figs. 4, 5 and 6. The best agreement between the two methods of test was obtained at the test speed of 40 mph on the smooth-textured surfaces. On the same sections at 20 mph, the data did not compare well at all, especially on Section E (Kentucky Rock Asphalt). Curiously, on Site II the best relationship was found at 20 mph. It should be remembered at this point that the automobiles followed the trailers and it would be proper to assume that most of the test surfaces experienced some reduction of friction. Friction characteristics on several of the sections on Site II undoubtedly changed quite significantly.
For example, on Section D the trailers measured higher friction with increase in speed, whereas, the automobiles did not.
Limited wear tests were conducted with trailers at 40 mph before and after the trailer tests. Several sections exhibited significant reduction in skid resistance. Unfortunately, the initial wear tests were performed in the mornings at lower surface temperatures than the after-trailer tests in the afternoons. It would be erroneous to assume that the differences between.A.M.
and P.M. measurements were entirely due to wear. Influence due to changes in surface temperature must also be recognized. If the temperature influences were ignored and the trailer data corrected to reflect the surface condition 
e--AUTOMOBILES (KY., TENN., VA., FLA.) - Correlation equations were also determined to relate the following:
1. Individual trailers versus automobile means for several velocity combinations (Table XIII) 2. Individual automobiles versus trailer means for several velocity combinations (Table XIV) . 
" " " . . The analysis of these data was confined to the fine-textured surfaces (Site I).
The coarse-textured surfaces (Site II) would yield different regression curves as evidenced in fT (40) fT ( The reliability of predicting stopping distances for any given trailer by using the foregoing formulas depends on how well that trailer relates to the rest of the trailers. Also, it should be remembered that the trailers utilized external watering and not self-watering systems in primary testing.
Unfortunately, the study did not yield sufficient data to evaluate the selfwatering systems. Another factor that should be considered is that several of the pavement surfaces were "artifical" in the sense that such surfaces are seldom found on highways. Other sections were composed of pavements in common use, but they were in an unpolished or untrafficked condition. Therefore, the skid resistance-velocity gradient of these surfaces may be different from the ordinary bituminous surfaces in service. The automobile stopping distance reflects the frictional characteristics of a surface from test velocity to zero velocity which, in turn, would reflect a difference in the skid resistancevelocity gradients. The trailer testers, however, reflect the frictional characteristics of a surface only at a given test velocity.
Assuming that there is a negligible contribution from t.he influence mentioned above, the stopping distances measured on most highway surfaces are likely to be shorter for given skid numbers measured by the same trailer. The automobile may initiate a skid in the polished wheel track, but it seldom remains in the wheel track until the end of the skid. As the vehicle skids out of the wheel track, the tires begin to contact higher skid resistance. The degree of the "skid out" will perceptibly change the stopping distance. Most of the surfaces at the correlation study displayed homogeneous friction.
OTHER MEASUREMENTS
The Kentucky automobile was equipped with a two-cahnnel strip-chart recorder to record velocity and distance during the skidding excursions. An event marker was wired to the brake light switch so as to note the moment from which to measure stopping distances. From the resultant recordings, numerous coefficients of friction were determined (Table XV) . The coefficients for various velocity increments were calculated using the stopping-distance formula,
The coefficients for specific velocities were determined by measuring the slope of the velocity curve,
The most noteworthy observation derived from the data is that the coefficients of friction at specific velocities measured with the automobile were considerably lower, especially at 40 mph, than those obtained with trailers.
Figs. 9 and 10 show the test results on two surfaces which were tested at 50 mph with the automobile. The automobile data was not corrected for influences due to air resistance nor errors associated with the coefficient of friction calculations in using the stopping-distance formula. The combined effect would • 0
0.10 r---+---t--
,. '" Fig. 9 . Coefficients of friction at specific velocities of an automobile compared with skid numbers of trailers (Site I, Section D), 
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